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Abstract. This study focuses on the provenance of the uppermost unit of the Upper 15 
Allochthon of the Variscan belt with combined U-Pb and Lu-Hf zircon (LA-ICPMS) and Sm-Nd 16 
whole-rock analyses. This unit is represented in the Cabo Ortegal Complex (NW Iberia) by the 17 
metasiliciclastic Cariño Gneisses which overlaps ophiolitic units that represent the Rheic Ocean. 18 
The data set indicates a maximum depositional age of c. 510 Ma and a c. 1.73 Ga Sm-Nd model 19 
age, typifying a late or post Pan-African (or Cadomian) and Eburnean events, which entailed 20 
abundant input of juvenile material involving broad mixing with older crustal sources. The 21 
Mesoproterozoic activity is scarce and scattered and therefore unlikely to represent a major crust 22 
generation pulse in the source area of the siliciclastic unit. The data set also records an Archean 23 
orogenic pulse in its source area followed by a long lasting crust reworking process, where the 24 
Eburnean juvenile materials intruded. These data are interpreted as indicative of a West Africa 25 
Craton provenance, where the siliciclastic series from which the Cariño Gneisses are derived 26 
were probably deposited in a back-arc type basin where detritus was mostly sourced by the 27 
continent rather than the magmatic arc. 28 
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1. Introduction  34 
 35 
 The Variscan–Appalachian–Alleghenian orogeny was formed when the Pangea 36 
supercontinent assembled during Carboniferous and Early Permian. Part of the European branch 37 
of this orogen, the Variscan belt, is well preserved in the Iberian Massif. This Massif exhibits an 38 
almost complete section of the southern part (present day coordinates) of the orogen from the 39 
most external zones (Autochthon) to the internal sections which are represented by the 40 
Parautochthon and the allochthonous complexes.  41 
Our understanding of the sources and provenance of the rock series involved in the 42 
Variscan Orogeny has significantly increased in the last few years mostly driven by U-Pb and 43 
Lu-Hf zircon (LA-ICPMS) and Sm-Nd whole rock studies. In the NW Iberian Massif most of the 44 
provenance studies have been focussed on sedimentary series located below the ophiolitic units, 45 
either in the autochthonous domain (Cantabrian zone, CZ, West-Asturian-Leonese zone, WALZ, 46 
and Central Iberian zone, CIZ, Fig. 1a, Fernández-Suárez et al., 1999; Gutiérrez-Alonso et al., 47 
2003; Martínez Catalán et al., 2004; Fernández-Suárez et al., 2013; Shaw et al., 2014), the 48 
Parautochthon (Díez Fernández et al., 2012b) or the basal units (Díez Fernández et al., 2010). 49 
These studies suggest as a main conclusion that the rock series were formed at the periphery of 50 
the Gondwanan margin, between the Nubian platform and the periphery of West African Craton 51 
(WAC), although their exact location is still a matter of debate. The key for paleogeographic 52 
reconstructions is usually focussed on the presence or absence of a Stenian - Tonian zircon 53 
population in Ediacaran and post-Ediacaran rock series. Rocks containing this population are 54 
usually placed in front of the Sahara Craton or the Nubian Shield (Díez Fernández et al., 2010; 55 
Fernández-Suárez et al., 2013; Shaw et al., 2014), whereas those lacking or having an extremely 56 
low quantity of it are considered to have a proximal WAC provenance (Abati et al., 2010a, 57 
2012). Nevertheless, the real importance of the isotopic sources has not been completely 58 
evaluated in NW Iberia as there are almost no previous studies integrating U-Pb/Lu-Hf (zircon) 59 
and Sm-Nd (whole rock) data systematics. This kind of studies is absent in metasedimentary 60 
rock series and only very few works have presented some of these combined results for 61 
metaigneous rocks (i.e. Sánchez Martínez et al., 2011).  62 
The Upper Allochthon or upper units is located above the ophiolitic units, which are 63 
considered to represent the Variscan suture in the NW Iberian Massif. This issue poses first order 64 
questions, not only about tectonic settings but also about provenance and sources of the involved 65 
rock series. In the Upper Allochthon, two works were carried out separately publishing U-Pb 66 
detrital zircon and Sm-Nd whole rock data on metagreywackes (Fernández-Suárez et al., 2003; 67 
Fuenlabrada et al., 2010). Both studies focussed on the siliciclastic series located at the 68 
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uppermost structural position of the Órdenes Complex which is situated to the West of the Cabo 69 
Ortegal Complex (Fig. 1b-1c), where the mentioned series are not represented. According to the 70 
data in the works mentioned above, this terrane has been considered as WAC derived, but the 71 
young Nd model ages obtained from the metagreywackes (c. 1 Ga) are inconsistent with the old 72 
isotopic sources expected from the WAC. This observation requires additional explanations. 73 
Also, new and integrated U-Pb/Lu-Hf (zircon) and Sm-Nd (whole rock) data are needed to 74 
present a complete picture for the provenance of the upper units, as the previously studied 75 
greywacke series are only representative for the uppermost stratigraphic levels of this thick 76 
terrane (c. 10000 - 12000 m).  77 
This contribution presents a provenance study of the upper units combining U-Pb and Lu-78 
Hf in zircon (LA-SF-ICPMS) and Sm-Nd whole rock analyses. The rocks studied belong to the 79 
Cariño Gneiss formation, which is the top member of the Upper Allochthon of the Cabo Ortegal 80 
Complex, different to and occupying a lower position than the metagreywackes previously 81 
studied in the Órdenes Complex. This will allow a straightforward comparison and a better 82 
understanding of the origin of this terrane. 83 
 84 
2. Geological framework of the Upper Allochthon in NW Iberia 85 
 86 
 The NW sector of the Iberian Massif includes an autochthonous domain, represented by 87 
the Cantabrian (CZ), West-Asturian-Leonese (WALZ) and Central Iberian (CIZ, Fig. 1a) zones. 88 
This domain is overlain by an allochthonous domain which is represented by the Galicia-Trás-89 
os-Montes Zone (GTOMZ). In the GTOMZ a lower assemblage is considered as the Lower 90 
Allochthon or Parautochthon. Above it, a group of five allochthonous complexes include the 91 
remnants of the Variscan suture which can be followed throughout Europe, from the Iberian to 92 
the Bohemian Massif (Fig. 1a; Martínez Catalán et al., 2009). These allochthonous complexes 93 
have an intricate internal structure, but they appear clearly constituted by three terranes with 94 
contrasting origin, structure and tectonothermal evolution. The complexes are nappe piles 95 
structured as late Variscan synforms, and they are divided upwards as basal, ophiolitic and upper 96 
units. 97 
The basal units represent a crustal terrane formed by the subduction of the Gondwanan 98 
continental margin below Laurrusia at c. 370 Ma (Gil Ibarguchi and Ortega Gironés, 1985; 99 
Arenas et al., 1995; Rodríguez et al., 2003; Abati et al., 2010b; Díez Fernández et al., 2011; 100 
López-Carmona et al., 2014). This terrane contains metasedimentary rock series with Ediacaran 101 
to Early Ordovician maximum depositional ages (Díez Fernández et al., 2010; 2012b), intruded 102 
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by abundant calc-alkaline (c. 493 Ma; Abati et al., 2010b) to alkaline - peralkaline (c. 475 - 470 103 
Ma; Díez Fernández et al., 2012a) granitic bodies. 104 
 The ophiolitic units are formed by mafic - ultramafic rock series that have been the object 105 
of recent works. They represent a varied assemblage with units formed in different stages in the 106 
evolution of the Paleozoic oceans. Part of these ophiolites have been interpreted as Cambrian 107 
remnants of the peri - Gondwanan oceans, including sequences accreted at the base of a fore - 108 
arc (Sánchez Martínez et al., 2012) and back - arc sequences (Arenas et al., 2007). However the 109 
most extended ophiolitic units in NW Iberia, and also along the Variscan suture in the rest of 110 
Europe, are c. 395 Ma mafic - ultramafic rock series. The interpretation of these units has 111 
changed over time. They were first considered supra - subduction zone ophiolites formed during 112 
the last stages of the closure of the Rheic Ocean (Díaz García et al., 1999; Sánchez Martínez et 113 
al., 2007). However these ophiolites, according to new U-Pb/Lu-Hf zircon data, have been 114 
recently considered to be related to the opening of a long pull-apart basin, which show an 115 
interaction of the mafic rocks with an old continental basement (Sánchez Martínez et al., 2011; 116 
Arenas et al., 2013; Arenas et al., 2014). 117 
 The upper units or Upper Allochthon constitutes a terrane with continental-crust affinity 118 
which can be divided into high pressure - high temperature (HP-HT) units below and 119 
intermediate pressure (IP) units above. The HP-HT base of this terrane is mainly composed of 120 
ultramafic rocks, basic, intermediate and acid granulites, eclogites, orthogneisses and 121 
paragneisses (Vogel, 1967; Gil Ibarguchi et al., 1990; Peucat et al., 1990; Ábalos et al., 2003). 122 
The protolith ages for the igneous rocks are clustered around c. 490 Ma and the age of the HP-123 
HT metamorphism is c. 400-390 Ma (Ordóñez Casado et al., 2001; Fernández-Suárez et al., 124 
2007). The uppermost section of the Upper Allochthon, the IP upper units, is composed of a 125 
thick siliciclastic series with greywacke and pelitic members and minor conglomerates (Díaz 126 
García, 1990; Díaz García et al., 2010). In the Órdenes Complex the greywackes have chemical 127 
compositions characteristic of volcanic-arc settings (Fuenlabrada et al., 2010) and maximum 128 
depositional ages in the range of 530 - 500 Ma (Fernández-Suárez et al., 2003; Fuenlabrada et 129 
al., 2010). This series is intruded by large massifs of gabbros with tholeitic arc affinity 130 
(Andonaegui et al., 2002) and granitoids with calc-alkaline compositions (Andonaegui et al., 131 
2012). U-Pb dating of these mafic and felsic metaigneous rocks yielded protolith ages at c. 500 132 
Ma (Abati et al., 1999; Andonaegui et al., 2012). A doleritic dyke swarm dated at c. 510 Ma also 133 
intrudes into the top greywacke series (Díaz García et al., 2010). The IP upper units 134 
metamorphic grade decreases upwards from granulite to greenschist facies, with characteristic 135 
counter-clockwise P-T paths interpreted as associated to magmatic underplating in a volcanic arc 136 
setting (Abati et al., 2003). This arc-related metamorphic event is dated at c. 496 - 482 Ma (Abati 137 
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et al., 1999; 2007). Therefore multiple evidence support the original volcanic-arc setting for the 138 
upper units of the allochthonous complexes. This volcanic arc was part of the Early Paleozoic 139 
peri-Gondwanan arc system. The uppermost part of the preserved section of this arc seems to be 140 
only slightly affected by the Variscan and eo-Variscan activity, whereas the lower part was 141 
strongly reworked during the Variscan collision developing a high-P and high-T recrystallization 142 
in the Devonian. 143 
 Most of the terranes and minor members described in the allochthonous complexes of 144 
NW Iberia are present in the Cabo Ortegal Complex, a small but well exposed complex on the 145 
Northern Galician coast (Fig. 1a). The upper units are mostly represented by the HP-HT units 146 
(Figs. 1b and 1c). The IP upper units are only represented by the Cariño Gneiss formation, which 147 
is the uppermost structural unit of the Cabo Ortegal Complex. It is formed by metasedimentary 148 
rocks in amphibolite facies with peak metamorphic conditions at 700 °C and 12 kbar 149 
(Castiñeiras, 2005). It is a homogeneous metaturbiditic sequence of centimetre-scale alternations 150 
of fine-grained pelitic bands with lepidoblastic texture and medium-grained psamitic bands with 151 
granoblastic texture, where the amount of medium-grained bands seems to decrease upwards 152 
(Castiñeiras, 2005). On the base of their mineralogical composition the psamitic types are 153 
described as quartz- and normal greywackes and the pelitic bands as normal and quartz-poor 154 
greywackes (Vogel, 1967). This compositional banding is an inherited sedimentary feature 155 
representing the deposition of greywackes by turbidity currents. The limits between sedimentary 156 
bands also coincide with the foliation, which is defined by preferential orientation of the rock 157 
forming minerals. This foliation strikes N-S to c. N45° and dips up to 75° westwards at the 158 
western part of the formation and eastwards at the eastern part defining a wide and open antiform 159 
(Fig. 2). The dominant regional lineation plunges c. 5° to 30° with a N20° - N55° trend. The 160 
formation is folded in a large recumbent synform with subordinated folds with an East vergence. 161 
Its axial plane strikes c. N-S and dips to the West in the western part of the formation. 162 
Associated with this synform an axial plane foliation developed locally in the fine-grained bands. 163 
This large synform does not only affect the Cariño Gneiss formation but also all of the upper 164 
units of the Cabo Ortegal Complex. The synform was early mapped by Vogel (1967) and Marcos 165 
et al. (1984), and a recent interpretative section has been presented by Arenas et al. (2013). 166 
 167 
3. Sample description 168 
 169 
 Six samples were chosen from the Cariño Gneiss formation. The location of these 170 
samples is shown in Fig. 2. Samples GCH- 07, 08 and 09 were collected at Peiral beach (N43° 171 
44' 40", W7° 52' 2"), samples GCH- 11 and 12 from the old shellfish breeding centre (N43° 44' 172 
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23", W7° 51' 53") and sample GCH- 10 from Fornos beach (N43° 42' 41", W7° 51' 5"; Simple 173 
Cylindrical projection, WGS84 datum). All samples are texturally and compositionally very 174 
similar, and were selected from the medium-grained psamitic bands instead of the fine-grained 175 
pelitic bands. Microscopically the samples are inequigranular and medium to fine -grained, and 176 
show a granoblastic-lepidoblastic texture. Qtz and Pl are the mayor components. Qtz is slightly 177 
undulose and Pl is usually altered. Micas are smaller than Qtz and Pl, Bt is usually retrogressed 178 
to Chl, and the preferred orientation that both Bt and Ms define is poorly developed. Grt are 179 
strongly corroded and have a dusty appearance due to high abundance of inclusions. Ky and St 180 
are very rare in the selected samples but are more abundant in the pelitic bands of these rocks. 181 
Other constituents are Spn, Rt, Ilm, Ap, Zrn and opaque matter (mineral abbreviations after 182 
Kretz, 1983). 183 
 184 
4. Sample preparation and analytical procedures 185 
 186 
 4.1. Zircon sample preparation 187 
 188 
 Zircon crystals were separated from bulk samples using conventional mineral separation 189 
techniques at the Facultad de Ciencias Geológicas, Universidad Complutense de Madrid (UCM). 190 
Samples were cleaned and dried before crushing them in a jaw crusher and in a tungsten disc 191 
mill. The light fraction was removed by floatability using a Wilfley table. The magnetic fraction 192 
was separated with a hand magnet for the most magnetic minerals and with a Franz model 193 
magnetic separator to remove those minerals susceptible to a magnetic field induced by an 194 
electric current up to 1.7 A. Minerals with a density below 3,325 kg·m
-3
 were removed using 195 
CH2I2 (diiodomethane) heavy liquid. Zircon hand picking, mounting, imaging and analysis were 196 
performed at the J. W. Goethe Universität of Frankfurt am Main (GUF). Hand-picked zircons of 197 
all sizes and morphologies were mounted in epoxy filled mounts depending on their size and 198 
polished to approximately 50% of their thickness. All zircons studied were documented by back-199 
scattered electron (BSE) and cathodoluminiscence (CL) images using a JSM 6490 scanning 200 
electron microscope to study their internal structure in order to choose the best areas for laser 201 
ablation. 202 
 203 
 4.2. U-Pb zircon analyses 204 
 205 
 Zircons were analysed for U, Th and Pb isotopes at the GUF using a ThermoScientific 206 
Element 2 sector field ICP-MS coupled to a Resolution M-50 (Resonetics) 193 nm ArF excimer 207 
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laser (CompexPro 102, Coherent) system using a slightly modified method as described in 208 
Gerdes and Zeh (2006, 2009); Zeh and Gerdes (2012). Laser spot-size was 23 to 33 µm for 209 
unknowns, 15 µm for Plešovice, 33 µm for GJ1 and 91500, and 50 µm for Felix standard 210 
zircons. Sample surface was cleaned directly before each analysis by four pre-ablation pulses. 211 
Ablation was performed in a 0.6 L∙min-1 He stream, which was mixed directly after the ablation 212 
cell with 0.07 L∙min-1 N2 and 0.68 L∙min
-1
 Ar prior introduction into the Ar plasma of the SF-213 
ICP-MS. The sensitivity achieved was in the range of 8000-12000 cps/µg∙g-1 for 238U with a 23 214 
µm spot size, at 5.5 Hz and 4-5 J∙cm-2 using GJ1 zircon. The two-volume ablation cell (Laurin 215 
Technic, Australia) of the M50 laser enables detection and sequential sampling of heterogeneous 216 
grains (e.g., growth zones) during time resolved data acquisition, due to its quick response time 217 
of <1 s (time until maximum signal strength was achieved) and wash-out (<99 % of previous 218 
signal) time of <3 s. All analyses were common-Pb corrected following the method described in 219 
Millonig et al. (2012). 
204
Hg during the analytical session was about 200 cps. For the analysed 220 
sample the common 
204
Pb contents were mostly near or below the detection limit, and thus a 221 
208
Pb-based common Pb correction has been usually applied. The analytical results are presented 222 
as supplementary electronic material (Suppl. Electr. Mat., Tables 1 to 6). The accuracy of the 223 
method was verified by repeated analyses of reference zircon 91500 (Wiedenbeck et al., 1995), 224 
Plešovice (Slama et al., 2008) and in-house standard Felix (Millonig et al., 2012). Data were 225 
plotted using Isoplot 3.75 software (Ludwig, 2012). 226 
 From the six samples studied a total of 889 zircon cores were dated (Suppl. Electr. Mat., 227 
Tables 1 to 6), from which 839 are considered valid analysis (5.6% rejected) in terms of 228 
concordance (up to 10% discordance accepted). Following recommendations made by 229 
Vermeesch (2004) more than 117 zircons were analysed in each sample to achieve statistical 230 
adequacy. Data have been represented for visualization in complete and partial conventional 231 
concordia diagrams (from 450 Ma to 750 Ma) for each sample (Fig. 3). Data have also been 232 
plotted as adaptive Kernel Density Estimates (KDEs) and Probability Density Plots (PDPs) on 233 
Fig. 4, using DesityPlotter5.0 software (Vermeesch, 2012). KDEs were built with bandwidth = 234 
15 Ma and histograms with binwith = 25 Ma. The age assigned to each zircon core was chosen 235 
depending on 
207
Pb/
206
Pb age. If 
207
Pb/
206
Pb age < 1 Ga, 
206
Pb/
238
U age was chosen, if not 236 
207
Pb/
206
Pb age was preferred. 237 
 Maximum depositional ages (MDAs) for each sample were calculated following the most 238 
conservative method (YC2σ(3+)) reported by Dickinson and Gehrels (2009) with some 239 
modifications. MDAs were calculated as the weighted mean of the youngest cluster of zircon 240 
ages that can be used to calculate a concordia age with Isoplots normal ―ConcAge‖ tool (i.e. 241 
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probability of data-point equivalence higher than 0.001), choosing the first (younger) zircon age 242 
of the cluster as to have less than 1 % age difference with the next zircon age. 243 
 No mayor differences have been found between the studied samples. As all six samples 244 
were collected from the same formation it is assumed that the original detritus were derived from 245 
the same source area. To support this assumption a comparison between distributions of detrital 246 
zircon ages has been performed using a Kolmogorov-Smirnov nonparametric test (Fig. 5a), in a 247 
similar way as had been used previously to establish common provenance (Fernández-Suárez et 248 
al., 2013 and references therein), and a Cumulative Distribution Plot (CDP) with errors has also 249 
been reported (Fig. 5b). This test and plot were performed with a MS Excel
©
 spreadsheet 250 
downloaded from the Arizona Laserchron Center webpage 251 
(https://sites.google.com/a/laserchron.org/laserchron/). 252 
  253 
 4.3. Lu-Hf zircon analyses 254 
 255 
 Hafnium isotope measurements (Suppl. Electr. Mat., Tables 7 to 11) were performed 256 
with a Thermo-Finnigan Neptune multicollector ICP-MS at GUF coupled to the same laser as 257 
described in the U-Pb method. Laser spots with diameter mostly of 40 µm were drilled with a 258 
repetition rate of 5.5 Hz and an energy density of 6 J/cm
2
 during 55 s of data acquisition. All data 259 
were adjusted relative to the JMC475 of 
176
Hf/
177
Hf ratio = 0.282160 and quoted uncertainties 260 
are quadratic additions of the within run precision of each analysis and the reproducibility of the 261 
JMC475 (2 SD = 0.0033%, n = 16). Accuracy and external reproducibility of the method was 262 
verified by repeated analysis of reference zircon GJ-1 and Plešovice, (see Suppl. Electr. Mat., 263 
Table 12) which are well within the range of solution mode data (Woodhead and Hergt, 2005; 264 
Gerdes and Zeh, 2006). 265 
 For calculation of epsilon Hf (εHft) chosen values for chondritic uniform reservoir 266 
(CHUR) are 
176
Lu/
177
Hf = 0.0336 and 
176
Hf/
177
Hf = 0.282785 (Bouvier et al., 2008), and a 
176
Lu 267 
decay constant of 1.867 × 10
−11
 a
-1
 (average of Scherer et al., 2001 and Soderlund et al., 2004 268 
calculated from terrestrial mineral isochrones). Initial 
176
Hf/
177
Hft and εHft for all analysed zircon 269 
domains were calculated using the preferred U-Pb ages.  270 
 Depleted mantle hafnium model ages (TDM) were calculated using present day 271 
176
Hf/
177
Hf = 0.283164 value for average MORB (Chauvel et al., 2008) which is assumed to be 272 
present day depleted mantle composition. This value corresponds to an initial εHf(t=0Ga) = 13.4. 273 
DM evolution trend was propagated to εHf(t=4Ga) = 0, because the existence of a voluminous 274 
depleted mantle reservoir during Hadean-Early Archean is highly speculative (see Hawkesworth 275 
et al., 2010; Kemp et al., 2010 and discussions of Zeh et al., 2011). TDM values for all data were 276 
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calculated using a mean 
176
Lu/
177
Hf of 0.0113 (average continental crust; Rudnick and Gao, 277 
2003) for the zircon crystallization age. 278 
 MORB 
176
Hf/
177
Hf interval were taken from the Atlantic, Pacific and Indian MORB 279 
values (excepting three unusual low values from the Indian Ocean) reported by Chauvel and 280 
Blichert-Toft (2001) considering a minimum 
176
Hf/
177Hf = 0.28302 (εHf(t=0Ma) = 8.3) and a 281 
maximum 
176
Hf/
177Hf = 0.28337 (εHf(t=0Ma) = 20.7). These values are propagated to εHf(t=4Ga) = 0 282 
defining a field (blue discontinuous lines) around the DM-evolution trend where the real DM 283 
composition should lie (i.e. error field for DM-evolution line). 284 
 285 
 4.4. Sm-Nd whole rock analyses 286 
 287 
 Sample preparation and analyses were performed at the laboratory of Geocronología y 288 
Geoquímica Isotópica at the Universidad Complutense de Madrid. 289 
 Whole rock samples were dissolved by oven digestion in ultra-pure HF and HNO3 acids 290 
together with the 
149
Sm/
150
Nd spike in sealed teflon microreactors. Once the samples were 291 
dissolved and dried HNO3 was added to eliminate silica fluorides and after that HCl was added 292 
to form chlorine molecules. Then the sample was subjected to a centrifugal process and to a two 293 
stage conventional ion-exchange chromatography to concentrate and separate REEs with 294 
DOVEX AG-50x12 (200-400 mesh) resin, and to separate Sm from Nd with HEDHP resin. The 295 
fractions where Sm and Nd are present in high concentrations are dried and loaded with H3PO4 296 
on rhenium filaments in triple disposition, and analysed in a thermal ionization mass 297 
spectrometer TIMS-Phoenix HCT040
®
 following a dynamic multicollector method. The 298 
measured 
143
Nd/
144
Nd isotopic ratios were corrected for possible isobaric interferences from 299 
142
Ce and 
144
Sm (only for samples with 
147
Sm/
144
Sm < 0.0001) and normalized to 
146
Nd/
144
Nd = 300 
0.7219 (O´Nions et al., 1977) to correct for mass fractionation. The LaJolla Nd international 301 
isotopic standard was analysed during sample measurement, and gave an average value of 302 
143
Nd/
144Nd = 0.511850 for 7 replicas, with an internal precision of ±0.00001 (2σ). These values 303 
were used to correct the measured ratios for possible sample drift following reference values 304 
from Lugmair et al. (1983). The analytic errors for 
147
Sm/
144
Nd ratio is 0.1 % and for 
143
Nd/
144
Nd 305 
= 0.006 %. 306 
 Chondritic uniform reservoir (CHUR) present day values considered for this study are 307 
147
Sm/
144
Nd = 0.1967 (Jacobsen and Wasserburg, 1980) and 
143
Nd/
144
Nd = 0.512638 (Hamilton 308 
et al., 1983). The DM evolution trend and DM model ages (TDMs) have been calculated as 309 
described by DePaolo (1981) using 
147
Sm/
144
Nd ratios and MDAs for each sample. A 
147
Sm 310 
decay constant of 6.539 × 10
−11
 a
-1
 has been used, calculated from 
147
Sm half-life reported by 311 
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Lugmair and Marti (1978) and Begemann et al. (2001). MORB epsilon values of +7 to +12 used 312 
are those reported by DePaolo and Wasserburg (1976). 313 
  314 
 5. Results 315 
 316 
 5.1. U-Pb results 317 
 318 
 The results of U-Pb dating are given as supplementary electronic material (Suppl. Electr. 319 
Mat., Tables 1 to 6) and represented on Fig. 3. In order to allow forward comparisons, the age 320 
spectrum has been divided in four mayor groups: Paleozoic-Neoproterozoic (< 1 Ga), 321 
Mesoproterozoic (1 - 1.6 Ga), Paleoproterozoic (1.6 - 2.5 Ga) and Archean (> 2.5 Ga; see Fig. 322 
6). Descriptions of U-Pb results of each sample are as follows.  323 
 From sample GCH-07, 166 analyses were performed of which 149 were concordant (< 324 
10 % discordance, d = 10.2 %, d: percentage of discordant analyses). 63 of them are Paleozoic-325 
Neoproterozoic (42.3 %), 3 are Mesoproterozoic (2 %), 54 are Paleoproterozoic (36.2 %) and 29 326 
are Archean (19.5 %). MDA07 (GCH-07 maximum depositional age) calculated for this sample 327 
(see above) is 510.4 ± 2.4 Ma, using 12 ages. 328 
 From sample GCH-08, 122 analyses were performed of which 117 were concordant (d = 329 
4.1 %). 46 of them are Paleozoic-Neoproterozoic (39.3 %), 3 are Mesoproterozoic (2.6 %), 53 330 
are Paleoproterozoic (45.3 %) and 15 are Archean (12.8 %), with a MDA08 of 515.6 ± 3.8 Ma, 331 
using 15 ages. 332 
 From sample GCH-09, 131 analyses were performed of which 128 were concordant (d = 333 
2.3 %). 45 of them are Paleozoic-Neoproterozoic (35.2 %), 4 are Mesoproterozoic (3.1 %), 54 334 
are Paleoproterozoic (42.2 %) and 25 are Archean (19.5 %), with a MDA09 of 507.1 ± 4.2 Ma, 335 
using 10 ages. 336 
 From sample GCH-10, 154 analyses were performed of which 144 were concordant (d = 337 
6.5 %). 52 of them are Paleozoic-Neoproterozoic (36.1 %), 7 are Mesoproterozoic (4.9 %), 72 338 
are Paleoproterozoic (50 %) and 13 are Archean (9 %), with a MDA10 of 506 ± 10 Ma, using 4 339 
ages. 340 
 From sample GCH-11, 168 analyses were performed of which 159 were concordant (d = 341 
5.4 %). 51 of them are Paleozoic-Neoproterozoic (32.1 %), 6 are Mesoproterozoic (3.8 %), 79 342 
are Paleoproterozoic (49.7 %) and 23 are Archean (14.5 %), with a MDA11 of 506.3 ± 2.8 Ma, 343 
using 9 ages. 344 
 From sample GCH-12, 148 analyses were performed of which 142 were concordant (d = 345 
4.1 %). 45 of them are Paleozoic-Neoproterozoic (31.7 %), 7 are Mesoproterozoic (4.9 %), 81 346 
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are Paleoproterozoic (57 %) and 9 are Archean (6.3 %), with a MDA12 of 509.4 ± 7.1 Ma, using 347 
5 ages. 348 
 To merge all samples and treat them as a single sample a Kolmogorov-Smirnov test has 349 
been performed. Fig. 5a shows its P-values and Fig. 5b the cumulative density function plot 350 
(CDF) which includes age errors. P-values indicate that all six samples pass the test with the 351 
exception of GCH-07 with GCH-11 (P = 0.044) and GCH-07 with GCH-12 (P = 0.027) 352 
comparison. Both P-values are near to 0.05 (value required to pass the test) and taking into 353 
account that the other 13 comparisons are satisfactory and the similarity between age 354 
distributions observed on KDE, PDP (Fig. 4) and CDF plots (Fig. 5b), it is concluded that all 355 
samples are shed from the same source area and that the differences between zircon age 356 
populations are explained by sampling bias or/and because each sample is a small fraction of the 357 
same thick pile of sediments (i.e. the same formation) located in different parts of the 358 
stratigraphic column, and so in different positions in relation to the source area. 359 
 Analyses from all samples are summarized on Fig. 6 and add a total of 889 age 360 
determinations, from which 839 have less than 10 % discordance (d = 5.6 %). 36 % of the 361 
analyses (n = 302) have a Paleozoic-Neoproterozoic age with peaks at 505, 525, 540, 557, 590, 362 
maximum abundance at 525 Ma, and a tail with minor peaks between 600 and 800. 363 
Mesoproterozoic ages are scattered in the interval age of c. 1.0 to 1.5 Ga and do not define any 364 
maxima, comprising 3.6 % (n = 30) of the total ages. The main age group is Paleoproterozoic 365 
(46.8 %, n = 393) and it is constrained between c. 1.98 and 2.17 Ga with a well-defined 366 
maximum at 2.09 Ga. The Archean population represents 13.6 % (n = 114) of the analyses with 367 
maxima at c. 2.6, 2.64 and 2.7 Ga. MDAs calculated for each sample vary from 506 to 516 Ma, 368 
with an average of 509.5 ± 3.6 Ma (Fig. 7; calculated as weighted average of all six MDAs with 369 
Isoplot software). The conservative way in which these MDAs have been calculated guarantees 370 
with a high level of confidence that the age of deposition is c. 510 Ma or younger. 371 
 372 
 5.2. Lu-Hf results 373 
 374 
 From the 839 concordant zircon cores analysed with U-Pb method 420 were analysed for 375 
Lu-Hf isotopes (Suppl. Electr. Mat., Tables 7 to 11). Around 58 % of all analyses have positive 376 
εHf (Fig. 8a). When these superchondritic zircon data plot near the DM evolution trend it can be 377 
surmised that they were crystallised from magmas more or less directly derived from a depleted 378 
mantle source.  379 
 Paleozoic-Neoproterozoic zircons (in particular Cambrian-Ediacaran) are arranged in the 380 
Hf-U-Pb age diagram in two ways (Figs. 8a and 8b). First as positive εHf zircons (form 0 to +10 381 
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epsilon units) with TDMs from c. 0.65 to 1.2 Ga (average at 0.9 Ga), pointing to a high 382 
production of juvenile (depleted mantle derived) magmas between c. 500 to 560 Ma, most of 383 
them crystallizing at c. 525 Ma. This observation is consistent with a developed magmatic arc 384 
setting. The second way in which these zircons are arranged is with a wide range in their εHf 385 
units, from 0 to -16. There is also a small cluster of 7 zircons with εHf of -23 to -26, and a single 386 
analyses with εHf = -49. There are two explanations for the generation of these negative εHf 387 
zircons: i) by a mixing process between juvenile magmas and materials with strong negative εHf 388 
values and ii) by an intense c. 500 to 560 Ma crustal reworking process of c. 0.8 - 2.1 Ga DM 389 
derived materials. This second explanation is not favoured owing to the very low proportion of 390 
Mesoproterozoic zircons in the samples. The first explanation requires the juvenile magmas to 391 
mix with a source with an εHf(c. 525Ma) < -16 to give this wide negative range of εHf to the 392 
zircons. If we follow the evolutionary field array on Fig. 8a, this source is represented by the c. 393 
2.09 Ga zircons that lie on the Eburnean crust evolution trend. The other 8 Paleozoic-394 
Neoproterozoic zircons with εHf values below -23 lie on the Archean crust evolution field and 395 
therefore were probably formed by recycling Archean crust. Zircons with ages between c. 560 - 396 
750 Ma plot around or slightly above the CHUR evolution trend, which is in line with an early 397 
magmatic arc setting. All these observations are in agreement with the development of a c. 500 - 398 
750 Ma magmatic arc setting. 399 
  Paleoproterozoic 1.9 - 2.2 Ga zircons are arranged in a similar way as the Paleozoic-400 
Neoproterozoic zircons. Superchondritic clustered zircon data have TDM values from c. 2.0 to 401 
2.6 Ga (average at 2.3 Ga) and resemble a crust formation event where DM derived magma 402 
intrusion started at c. 2.17 Ga, with crystallization ages concentrated at 2.09 Ga and finished 403 
around 1.98 Ga. This timing falls within the timespan considered for the Eburnean Orogeny (c. 404 
1.8 - 2.2 Ma; Ennih and Liégeois, 2008). Subchondritic zircon data have εHf values from 0 to -405 
15, and point to a mixing process between the DM derived magmas and older rocks, probably 406 
the Archean crust. 407 
 Paleoproterozoic and Archean zircon ages range between c. 2.24 and 3.03 Ga and have 408 
slightly positive εHf up to +4 and negative εHf down to -15, with TDMs from c. 2.8 to 3.6 Ga 409 
(maximum at 3.1 Ga). These analyses are not clustered but they are arranged in a linear trend, 410 
which is slightly lower than the average continental crustal evolution trend of 
176
Lu/
177
Hf = 411 
0.0113 used to calculate TDMs in this study. These linear arranged analyses (vs. cluster 412 
superchondritic arrange) points to an Archean crust formation event at c. 3.1 Ga, where its 413 
materials underwent subsequent crustal reworking during the Late Archean. 414 
 415 
 5.3. Sm-Nd results 416 
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 417 
 In crustal evolution models based on Nd isotopic compositions, the main fractionation 418 
event during the formation and evolution of continental crust takes place during partial melting 419 
of lithospheric mantle to generate the source of crustal rocks (McLennan and Hemming, 1992). 420 
The εNd model age of a sedimentary rock represents the average age of the extraction of its 421 
components from the mantle. In the case of detrital rocks, model ages usually reflect complex 422 
mixtures based on the different age and provenance of their components. The combined 423 
interpretation of Nd model ages and detrital zircon ages has proven to be a powerful tool for 424 
investigating the evolution of continental crust, especially in orogenic belts (e.g., Linnemann et 425 
al., 2004). 426 
 Whole rock Sm-Nd analyses were performed on 10 Cariño Gneiss samples. Results 427 
(Table 1) have been plotted on Fig. 9. Present day Nd epsilon values (εNdt=0Ma) vary from -16.0 428 
to -11.4 and εNd for the time of sedimentation (εNdt=510Ma) varies from -10.2 to -6.3. Depleted 429 
mantle model ages (TDM) range between 1.82 and 1.58 Ga, with an average of 1.73 Ga.  430 
 Results were plotted together with Sm-Nd data for the uppermost siliciclastic series of the 431 
Upper Allochthon of the Órdenes Complex (Fuenlabrada et al., 2010) to establish similarities 432 
between detrital units belonging to this terrane (Fig. 9). These low-grade metagreywackes have a 433 
Nd TDM average of c. 1 Ga (n = 20) and the Cariño Gneisses an older mean of c. 1.73 Ga (n = 434 
10). This isotopic difference between sedimentary rock series included in the Upper Allochthon 435 
and with similar maximum depositional ages is interpreted to reflect changes in the setting of 436 
individual series in relation to the peri-Gondwanan arc system. The Cariño Gneisses have a 437 
higher input of detritus with older isotopic signatures and therefore it is assumed that this series 438 
was deposited closer to the mainland than the top greywacke series of the Órdenes Complex. 439 
This last series would have been deposited closer to the most active part of the magmatic arc that 440 
shed juvenile detritus into the basin. 441 
 442 
6. Provenance of the Upper Allochthon involved in the Variscan suture 443 
 444 
 According to the data presented in this contribution the maximum depositional age is c. 445 
510 Ma, so its protolith was a Middle Cambrian or younger sedimentary series. Concordia (Fig. 446 
3) and PDP-KDE (Fig. 4) plots reveal two main age populations, with pronounced age peaks at 447 
c. 525 Ma (Paleozoic-Neoproterozoic population: 36 %) and c. 2.09 Ga (Paleoproterozoic 448 
population: 46.8 %; Fig. 6). Archean populations compromise around 13.6 % of the total Cariño 449 
Gneiss zircons and Mesoproterozoic zircons are scarce with only a 3.6 %.  450 
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 The main Archean U-Pb zircon population in the Cariño Gneisses is bracketed at 2.7-2.5 451 
Ga (Fig. 4). The εHf vs. age pattern for these zircons (Fig. 8a) is a linear trend that points to a 452 
long lasting continental crust reworking process of juvenile rocks formed at c. 3.3 - 2.9 Ga 453 
(maximum at 3.1 Ga), with no mixing processes, supporting an intracratonic or a passive margin 454 
setting. In the Northern WAC, Archean igneous rocks have mainly been reported in the Western 455 
Reguibat Shield. Potrel et al. (1998) published ages of around 3 Ga for juvenile magmatic rocks 456 
and Schofield et al. (2012) reported main intrusion events at c. 2.9, 2.7 and 2.5 Ga in this area. 457 
Based on the above studies, the Western part of the Reguibat Shield is a viable candidate for the 458 
provenance of the Cariño Gneiss Archean zircons. 459 
 The Cariño Gneiss Paleoproterozoic fraction makes up 46.8 % of the total population 460 
(Fig. 6). Maximum abundance clusters at c. 2.17 - 1.98 Ga with a maximum peak at 2.09 Ga 461 
(Fig. 4). This Paleoproterozoic population falls within the time span of the Eburnean orogeny 462 
(2.2 - 2.0 Ga according to Egal et al., 2002, or 1.8 - 2.2 according to Ennih and Liégeois, 2008). 463 
This orogenic cycle was defined at the Southern WAC and has been extended to all rocks of the 464 
WAC affected by c. 2.0 Ga geological events, so the Paleoproterozoic materials of the Cariño 465 
Gneisses are possibly derived from rocks generated or reworked during the Eburnean orogeny. 466 
Close similarities are observed when comparisons are made with WAC Eburnean rocks. 467 
Eburnean ages between c. 2.1 and 2.04 Ga in igneous and sedimentary rocks have been reported 468 
in the Eastern Reguibat Shield (Peucat et al., 2005) and in the Anti-Atlas belt (Thomas et al., 469 
2002; Abati et al., 2012; Avigad et al., 2012), supporting a WAC provenance for the 470 
Paleoproterozoic zircons in the Cariño Gneisses. The Cariño Gneiss Lu-Hf data (Fig. 8a) for 471 
zircons of Eburnean age (c. 2.13 - 1.97 Ga) are arranged as a cluster with positive εHf values 472 
representing juvenile rocks and few values with negative εHf units suggesting a mixing process 473 
of juvenile and reworked rocks, i.e. Eburnean DM derived magmas intruded in an older 474 
basement triggering mixing processes. As the most negative εHf value for Eburnean zircons is -475 
15 and the Archean linear arrangement intersects at c. 2 Ga at c. εHf = -15, this old basement 476 
could well be that represented by the Cariño Gneiss Archean zircons. All these observations are 477 
in agreement with the geodynamic setting proposed by Egal et al. (2002), where the Eburnean is 478 
an active margin orogen formed by oceanic subduction along the edge of the pre-existing 479 
Archean craton. The input of this population in the Cariño Gneisses is much higher than in the 480 
other samples (i.e. Abati et al., 2012; Avigad et al., 2012). This is probably due to the deposition 481 
of the Cariño Gneisses closer to the Paleoproterozoic source area, i.e. the Northern WAC. 482 
 In the Mesoproterozoic Era the WAC became a stable craton (Ennih and Liégeois, 2008) 483 
which gave as a result a characteristic c. 1.7 - 1.0 Ga ―magmatic gap‖ (Linnemann et al., 2008 484 
and references therein). Nevertheless, in some peripheral WAC derived samples, 485 
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Mesoproterozoic zircons are relatively common in Ediacaran – Ordovician and younger 486 
siliciclastic samples. This is the case in NW Iberia, where the provenance of these series is 487 
frequently assigned to a provenance from the Saharan metacraton (i.e. Díez Fernández et al., 488 
2010). However, recently a Middle Cambrian sandstone from the Anti-Atlas belt has been 489 
reported to contain zircons with Stenian Mesoproterozoic ages from c. 1.1 to 1 Ga (Avigad et al., 490 
2012). Therefore siliciclastic series formed in the Cambrian close to the WAC can also contain 491 
this zircon population. In the Cariño Gneisses, the Mesoproterozoic zircons are scarce and 492 
scattered, constituting 3.6 % of the total population and not defining a clear maximum (Fig. 4). 493 
This population is also present in the Parautochthon (Díez Fernández et al., 2012b) and in the 494 
Basal Allochthon (basal units) of NW Iberia (Díez Fernández et al., 2010). These populations 495 
could derive from cratons adjacent to the WAC, i.e. Amazonian, Saharan or the Arabian-Nubian 496 
cratons (Fig. 10), transported by rivers, wind or by a tectonic along-strike transport of terranes 497 
during Cadomian orogenic processes (Fernández-Suárez et al., 2002; Gutiérrez-Alonso et al., 498 
2003), or even from unknown Mesoproterozoic igneous rocks in the WAC. In any case the 499 
Mesoproterozoic population is still enigmatic but it is present in the siliciclastic derived 500 
formations of the allochthonous complexes of NW Iberia, albeit in much lower proportions than 501 
in putative coeval rocks of the Autochthon (Fernández-Suárez et al., 2013 and references therein) 502 
and it could be a distinctive feature for these rocks. 503 
 The Paleozoic-Neoproterozoic fraction constitutes 36 % of the Cariño Gneiss zircons, 504 
most of them with ages of c. 750 - 490 Ma and with a maximum abundance at c. 525 Ma. These 505 
ages coincide with the reported ages for the Cadomian and Pan-African orogenies (c. 750 - 540 506 
Ma; e.g. Ennih and Liégeois, 2008; Linnemann et al., 2014) but the c. 525 Ma Cariño Gneiss 507 
maximum is younger, suggesting a different metacratonic WAC activity or a late development of 508 
the Cadomian - Pan-African orogenies. Paleozoic-Neoproterozoic populations in the WAC are 509 
very common. For example, merged samples published by Abati et al. (2012) from the Sirwa 510 
Window (Anti-Atlas belt) have an age range of c. 540 - 770 Ma with peaks at c. 560 and 610 Ma. 511 
Thomas et al. (2002) reported igneous rock zircon U-Pb ages from the same area with ages of c. 512 
560-580, 610 and 740 Ma, and from the NE flank of the Zenaga inlier (Anti-Atlas belt) two 513 
groups of detrital U-Pb ages where published by Avigad et al. (2012). Ages in these samples 514 
were c. 532 - 668 Ma with a peak at 570 Ma and c. 545 - 750 Ma with a peak at 655 Ma (in 515 
addition to Cryogenian and Tonian peaks). Cariño Gneiss zircons with ages between c. 760 and 516 
560 Ma are not abundant and plot in the Lu-Hf diagram (Figs. 8a and 8b) around the CHUR 517 
evolution trend, pointing to a crustal recycling of early Cadomian - Pan-African material. C. 560 518 
- 500 Ma Cariño Gneiss zircons are very abundant with a maximum peak at c. 525 Ma. The Lu-519 
Hf isotopic pattern (Figs. 8a and 8b) shows that these Cariño Gneiss zircons are arranged as a 520 
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cluster with positive εHf values plotting near the DM evolution trend and as a variably negative 521 
εHf arrangement. These patterns can be explained by the intrusion of juvenile magmas that 522 
triggered mixing process with an Eburnean and Archean crust and with a small proportion of 523 
reworked early Cadomian - Pan-African crustal material, consistent with a peripheral arc activity 524 
at the Northern WAC. 525 
 As discussed by Cawood et al. (2012) convergent margin basins have a high proportion 526 
of detrital zircons with ages close to the age of the sediment, where back arc basins have an 527 
increasing input of older detritus from the adjoining mainland. The Cariño Gneiss U-Pb age 528 
distribution pattern is a strongly bimodal one where the majority of the Paleozoic-529 
Neoproterozoic fraction is concentrated near its MDA, as appreciated by the steep slope of the 530 
CDF diagram (Fig. 5b), or the narrow bell shaped curve of the KDE plot (Fig. 4). These 531 
observations suggest that the Cariño Gneisses turbiditic greywacke sediments were deposited in 532 
a relatively narrow back-arc type basin, where the late/post Cadomian - Pan-African volcanic arc 533 
system was very active, shedding its juvenile materials into the basin at the same time as the 534 
adjacent WAC furnished the Eburnean and Archean detritus. 535 
 Comparison with the Órdenes Complex uppermost unit reveals that the IP Upper 536 
Allochthon is heterogeneous. This unit, which was thought to correlate with the Cariño Gneiss 537 
unit, has yielded a MDA of 510-530 Ma and was intruded by a swarm of dykes with protolith 538 
ages of c. 510 Ma (Fernández-Suárez et al., 2003; Díaz García et al., 2010; Fuenlabrada et al., 539 
2010). Its zircon population (n = 85) has 81 % of Paleozoic-Neoproterozoic zircons, 0 % are 540 
Mesoproterozoic, 19 % are Paleoproterozoic and 0 % are Archean ones. This unit has a higher 541 
Paleozoic-Neoproterozoic zircon input and younger Nd DM model ages (TDMmean = 1 Ga) than 542 
the Cariño Gneisses (TDMmean = 1.73 Ga, Fig. 9). Therefore the IP Upper Allochthon of the NW 543 
Iberian complexes is interpreted to represent different stages and positions within the peri-544 
Gondwanan back-arc basin, where the Cariño Gneisses were deposited closer to the stable 545 
metacraton (WAC) and the Órdenes Complex Upper Allochthon unit was deposited closer to the 546 
arc.  547 
 A paleogeographical sketch map of the peri-Gondwanan region at c. 500 Ma is presented 548 
in Fig. 10. The sedimentary series included in the upper units were deposited close to a long 549 
lived volcanic arc. The Cariño Gneiss protoliths were probably formed in a back-arc basin, in a 550 
sedimentary basin with abundant detritus coming from the most active part of the arc and from 551 
the mainland. Other siliciclastic series from the Upper Allochthon, such as the Órdenes Complex 552 
top metagreywackes, were deposited closer to the active part of the arc, in a domain of the 553 
sedimentary basin where the arc was the main sediment supplier. The basal units of the 554 
allochthonous complexes contain siliciclastic metagreywacke series with MDA in the range of c. 555 
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560 - 517 Ma and detrital zircon maximum abundance age of c. 650 Ma (Díez Fernández et al., 556 
2010). These siliciclastic series are characterized by Nd TDM model ages in the range of 1.74 - 557 
2.22 Ga (Fuenlabrada et al., 2012), the oldest model ages reported so far in the NW Iberian 558 
terranes, including both the autochthonous and allochthonous domains. These relatively old 559 
isotopic sources strongly suggest deposition in a tectonic setting where detritus were sourced 560 
dominantly from the Gondwana mainland (Fig. 10). The most frequent siliciclastic series 561 
included in the basal units (Díez Fernández et al., 2010) seems to be older that those forming part 562 
of the Upper Allochthon. They were deposited closer to the mainland and they do not reflect the 563 
most recent activity of the arc during the Middle Cambrian. Finally, according to available 564 
zircon data and the dynamic evolution of the Variscan belt, the original setting of the Iberian 565 
Autochthon was probably located further to the East, in any transitional region between the West 566 
African Craton and the Sahara Craton (Fig. 10; Gómez Barreiro et al., 2007; Díez Fernández et 567 
al., 2010; Shaw et al., 2014), or even further East, in the vicinity of the present day Jordan-Israel 568 
region (Fernández-Suárez et al., 2013). 569 
 570 
7. Conclusions 571 
 572 
 The protoliths of the Cariño Gneiss formation, the intermediate pressure Upper 573 
Allochthon included in the Cabo Ortegal Complex, are formed by siliciclastic series that 574 
represent the deposition of greywackes by turbidity currents at c. 510 Ma (maximum 575 
depositional age from detrital zircons). Considering the high proportion of Eburnean zircon input 576 
and its relatively old whole rock Nd TDM values, the siliciclastic series were deposited in a 577 
peripheral back-arc basin somewhere between an active volcanic arc and the Northern margin of 578 
the West Africa Craton (WAC). In this tectonic setting, detritus arrived both from the active part 579 
of the volcanic arc and from the mainland. These metasedimentary rocks record Archean, 580 
Eburnean, and late or post Cadomian - Pan-African crust formation events, with a 3.6 % 581 
Mesoproterozoic zircon input. 582 
 In the source region of the gneiss formation, the Archean crust formation event is roughly 583 
dated at c. 3.3 - 2.9 Ga, which is represented by zircons with c. 3.0 - 2.2 Ga crystallization ages. 584 
These Archean materials suffered important crustal reworking processes without any mixing 585 
with other materials supporting an intracratonic or a passive margin setting. 586 
 The recorded Eburnean events represent the intrusion of Eburnean juvenile magmas into 587 
an Archean basement, most probably the Archean basement represented by the Cariño Gneiss 588 
Archean zircons. The most probable geodynamic setting is a volcanic arc at the margin of a pre-589 
existing Archean craton. 590 
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 Archean and Paleoproterozoic (Eburnean) zircon populations seem to be derived from the 591 
WAC. The Cambrian events recorded in the Cariño Gneisses represent a magmatic arc at the 592 
periphery of the North Gondwana margin, specifically the North WAC. This arc records the 593 
intrusion of c. 525 Ma juvenile magmas into the Eburnean and Archean basement of Gondwana. 594 
The first stages of the arc were probably linked to the Cadomian arc system, defined in other 595 
parts of Europe as to have an activity bracketed between 750 Ma and 540 Ma, and so it could 596 
represent a long lasting volcanic-magmatic arc system. 597 
 Taking into account the Nd TDM model ages published from other metagreywacke series 598 
included in the NW Iberian Upper Allochthon, it can be concluded that this terrane contains 599 
heterogeneous isotopic sources. These varied sources indicate that different parts of the peri-600 
Gondwanan arc system may be preserved in the Upper Allochthon.  601 
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Figure captions: 862 
 863 
Fig. 1. Geological map of the European Variscides (a) based on Martínez Catalán (2011). 864 
Geological map (b) and cross-section (c) of the NW Iberian Cabo Ortegal Complex. The location 865 
of Fig. 2 geological map is also shown. Based on Vogel (1967); Marcos et al. (1984); Arenas 866 
(1988); Arenas et al. (2013). The Upper Allochthon is formed by the intermediate –P upper units 867 
and the high-p – high-T upper units. 868 
 869 
Fig. 2. Geological map of the Northern part of the Cariño Gneiss formation, with the location of 870 
the studied samples. 871 
 872 
Fig. 3. U-Pb conventional concordia diagrams for samples GCH- 07, 08, 09, 10, 11, and 12. 873 
Ellipses represent combined 2σ uncertainties of 206Pb/238U and 207Pb/235U ratios. 874 
 875 
Fig. 4. Kernel density estimation plots (continuous line enclosing the blue area) and probability 876 
density plots (dashed line) for all samples and for the combination of all Cariño Gneiss zircons 877 
studied.  878 
 879 
Fig. 5. (a) Results of the Kolmogorov-Smirnoff (K-S) test. This K-S test compares the 880 
distribution of detrital zircon ages from detrital samples, and tests the null hypothesis that the 881 
distributions are the same. When P < 0.05 it is likely with a 95% confidence level that the 882 
samples derive from different populations. (b) Cumulative distribution function (CDF) plot, 883 
incorporating measurement uncertainty, showing the probability that a zircon will be younger 884 
than a certain age and the similarity between samples. 885 
 886 
Fig. 6. Percentage of zircon populations represented as bar diagrams and circular plots. 887 
 888 
Fig. 7. Maximum depositional ages for each Cariño Gneiss sample (see sections 4.2 and 5.1) and 889 
the weighted average of all samples, which gives a c. 510 Ma MDA for the Cariño Gneiss 890 
formation. 891 
 892 
Fig. 8. (a) Hf isotope evolution diagram showing Cariño Gneiss zircon data. Kernel Density 893 
Estimation of analysed zircons with Lu-Hf systematics is represented in grey. See text for 894 
discussion (section 5.2) and for constants and parameters used (section 4.3). CHUR - chondritic 895 
uniform reservoir; DM - depleted mantle; MORB - mid ocean ridge basalt. (b) Hf isotope 896 
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evolution diagram of analysed zircon grains in the age range of 400 - 1000 Ma. See text for 897 
discussion, and for constants and parameters used. 898 
 899 
Fig. 9. Sm-Nd isotope evolution diagram showing whole-rock data of 10 metasedimentary rock 900 
samples from the Cariño Gneiss formation (Cabo Ortegal Complex, NW Iberian Massif). Whole-901 
rock Sm-Nd data (n = 20) of the uppermost greywackes of the Órdenes Complex (upper units; 902 
Fuenlabrada et al., 2010) are included for comparison. Rhombus and triangles show εNd values 903 
at present day and at maximum depositional ages. See text for discussion (section 5.3) and for 904 
constants and parameters used (section 4.4). CHUR - chondritic uniform reservoir; DM - 905 
depleted mantle; MORB - mid ocean ridge basalt. 906 
 907 
Fig. 10. Sketch showing the proposed paleogeographic position of the upper units and other 908 
terranes from the NW Iberian Massif. Paleogeographical context based on Fernández-Suárez et 909 
al. (2013). Numbers in squares are zircon ages in Ga from the cratons, from Linnemann et al. 910 
(2014) and references therein. New zircon ages have been added to the West African Craton 911 
(Avigad et al., 2012) and to the Arabian Nubian Shield (Morag et al., 2012). 912 
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Sample Sm Nd 147Sm/
144
Nd     
143
Nd/
144
Nd (o) 2SE(abs)*10
-6 εNd (t=0) εNd (t=510) TDM
GCH-07 2.99 16.27 0.1111 0.511841 3 -15.5 -10.0 1783
GCH-08 3.44 18.51 0.1124 0.511879 3 -14.8 -9.3 1751
GCH-09 3.24 17.40 0.1126 0.511876 3 -14.9 -9.4 1758
GCH-10 2.50 13.09 0.1155 0.511869 2 -15.0 -9.7 1821
GCH-11 3.26 18.57 0.1063 0.511856 3 -15.3 -9.4 1683
GCH-12 4.68 24.78 0.1142 0.511968 2 -13.1 -7.7 1645
GCH-27 7.20 36.68 0.1187 0.512054 2 -11.4 -6.3 1584
GCH-28 2.23 11.96 0.1126 0.511834 3 -15.7 -10.2 1821
GCH-29 5.48 27.90 0.1186 0.511962 3 -13.2 -8.1 1731
GCH-30 2.96 16.65 0.1073 0.511815 2 -16.0 -10.2 1757
Average 1733
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